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(54) SYNCHRONOUS RECTIFIER AND SWITCHING POWER SUPPLY PROVIDED THEREWITH 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a synchronous 
rectifier and a switching power supply provided therewith 
wherein a field-effect transistor is synchronously rectified 
through simple constitution and the on period of the field- t 
effect transistor is always lengthened in current continuous 
mode. 

SOLUTION: A current transformer 8 detects any current 
passed between the source and the drain of MOSFET 10, 
including any current passed through a parasitic diode 10a. 
Voltage outputted from the current transformer is 
differentiated through a differentiating circuit comprising a 
resistor 12 and a capacitor 13, and is supplied to the gate of 
the MOSFET 10. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A current detecting means which detects current which flows between sauce drains of a 
field effect transistor including current which flows into a parasitic diode, A control means which 
drives said field effect transistor by supplying voltage to a gate of said field effect transistor 
according to voltage which this current detecting means outputs, A synchronous detection device 
which is a synchronous detection device which drives a preparation and said field effect transistor, 
and is characterized by said control means's differentiating voltage which said current detection 
means outputs, and supplying it to a gate of said electric field transistor. 
[Claim 2]The synchronous detection device comprising according to claim 1: 
Said control means is a differentiation circuit. 

A constant voltage diode formed at least in one side between input terminals of this differentiation 
circuit, and between output terminals. 

[Claim 3]A transformer. 

A switching means connected to a primary side coil of this transformer. 

A rectification means and a smoothing means which are connected to secondary winding of said 
transformer. 

It is the switching power supply unit provided with the above, and is characterized by said 
rectification means being a field effect transistor provided with the synchronous detection device 
according to claim 1 or 2. 

[Claim 4]A transformer. 

A switching means connected to a primary side coil of this transformer. 

A rectification means and a commutation means which are connected to secondary winding of said 
transformer in series, and a coil and a smoothing means by which multiple connection is carried out to 
this commutation means. 

It is the switching power supply unit provided with the above, and is characterized by said 
commutation means being a field effect transistor provided with the synchronous detection device 
according to claim 1 or 2 at least among said rectification means and said commutation means. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the switching power supply unit provided with the 
synchronous detection device and this which make said field effect transistor turn on and off 
synchronizing with the current which flows into a field effect transistor. 
[0002] 

[Description of the Prior Art]In the switching power supply unit which is made into the output voltage 
of a request of input voltage, and is stabilized, and is supplied to load, when a primary side and the 
downstream need to be electrically insulated from a viewpoint of safety or a noise, a transformer with 
the primary winding and the secondary winding which were insulated mutually is used. As a 
conventional example of the switching power supply unit provided with the transformer, the switching 
power supply unit using a flyback type converter as shown in drawing 5 is mentioned. 
[0003]The composition of the switching power supply unit using the flyback type converter shown in 
drawing 5 is explained. First, the primary side of the transformer 1 is explained. The anode of DC 
power supply 3 is connected to the cold side of the primary winding 1p of the transformer 1. The 
drain of the switching transistor 2 which is n channel form MOSFET is connected to the hot the 
primary winding 1p of the transformer 1 side. The sauce of the switching transistor 2 is connected to 
the negative electrode of DC power supply 3. The gate of the switching transistor 2 is connected to 
the output side of the control circuit 7 mentioned later. 

[0004]Next, the downstream of the transformer 1 is explained. The anode of the capacitor 5 is 
connected to a hot 1 s of secondary windings of the transformer 1 side, and the negative electrode of 
the capacitor 5 is connected to the anode of the diode 4. The cathode of the diode 4 is connected to 
the cold side of 1 s of secondary windings of the transformer 1 . The load 6 is connected to the both 
ends of the capacitor 5, and the input side of the control circuit 7 is connected at the node of the 
anode of the capacitor 5, and the load 6. 

[0005]Operation of the switching power supply unit using the flyback type converter of the above- 
mentioned composition is explained with reference to drawing 6. If the switching transistor 2 receives 
the voltage signal of a High level from the control circuit 7 and is turned on, voltage V Q2 between 

drain sauce of the switching transistor 2 will become zero, and current I Q2 will flow into the primary 

winding 1p of the transformer 1 from DC power supply 3. Current I Q2 serves as a waveform which 

increases gradually for the inductance of the primary winding 1p of the transformer 1. Voltage V T1 of 

the primary winding 1p of the transformer 1 serves as output voltage of DC power supply 3, and equal 
positive voltage (a hot side is negative potential and the cold side is positive potential). And although 
induced voltage arises in 1 s of secondary windings of the transformer 1 , since a hot side is negative 
potential and the cold side is positive potential, current I R which flows through the diode 4 by the 

rectification of the diode 4 becomes zero. Thus, energy is accumulated for the switching transistor 2 
in the primary winding 1p of the transformer 1 during the ON state. 

[0006]If the switching transistor 2 receives the voltage signal of a Low level from the control circuit 7 
and is turned off, Since the increase in current I Q2 becomes stop zero, the flux reversal of the core of 

the transformer 1 stops, and voltage V T1 of the primary winding 1p of the transformer 1 serves as 

negative voltage (a hot side is positive potential and the cold side is negative potential). The reverse 
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electromotive voltage of the primary winding 1p of the transformer 1 is also added, and voltage V Q2 

becomes large. In the downstream of the transformer 1, induced voltage (a hot side is positive 
potential and the cold side is negative potential) arises in 1 s of secondary windings by the energy 
accumulated in the primary winding 1p of the transformer 1. Since the voltage of a forward direction 
is impressed to the diode 4 with this induced voltage, current I R serves as a positive value and an 

electric charge is stored in the capacitor 5. If the load 6 becomes large, the peak value of current I Q2 

and I R will become large. 

[0007]The control circuit 7 detects the output voltage supplied to the load 6, and it controls the on- 
off period of the switching transistor 2 so that output voltage becomes a predetermined value. In the 
control circuit 7, in order to insulate the primary side of a switching power supply unit, and the 
downstream, transfer of the signal is performed by the photocoupler. 

[0008]In such a switching power supply unit, in order to attain efficient-ization, generally a Schottky 
barrier diode with a small forward voltage drop is used for the diode 4, and the rectification loss is 
reduced. However, even if it considers various selections of the jointing metals of a Schottky barrier 
diode, there is a limit in making a forward voltage drop small. Then, in order to aim at reduction of the 
further rectification loss, small MOSFET of on resistance is used instead of the diode 4. 
[0009] 

[Problem(s) to be Solved by the Invention]In this case, in order for MOSFET to act as a rectification 
means, it is necessary to form the synchronous detection device which makes MOSFET drive. For 
example, when the diode 4 was substituted for MOSFET and it is provided in the switching power 
supply unit using the flyback type converter of drawing 5 , When the switching transistor 2 is made 
into an OFF state, MOSFET is made into an ON state, and when the switching transistor 2 is made 
into an ON state, it is necessary to make MOSFET into an OFF state. That is, the synchronous 
detection device with which MOSFET is equipped needed to perform on-off control contrary to the 
on-off control of the switching transistor 2, and had the problem that the control constitution of a 
synchronous detection device became complicated. 

[001 0]A means to solve such a problem is indicated by JP,9-1 72775,A. However, in this means, if 
setting out of the constant voltage supplied to the gate of MOSFET provided with a synchronous 
detection device is low, when load becomes large, the switching transistor of a primary side will be 
turned on in the state where current is flowing into the downstream, and big energy loss will arise. For 
this reason, although the constant voltage was set up in current continuous mode in the place where 
a current peak is the largest, when load current was small, in such setting out, there was fault that 
the conduction time of MOSFET will become short. 
[001 1]The purpose of this invention is as follows. 

Let me detect a field effect transistor synchronously by easy composition in view of the above- 
mentioned problem. 

When used by current continuous mode, provide the synchronous detection device which can always 
lengthen conduction time of a field effect transistor. 

It aims at providing the switching power supply unit provided with such a synchronous detection 

device. 

[0012] 

[Means for Solving the Problem]To achieve the above objects, in a synchronous detection device 
concerning this invention, A current detecting means which detects current which flows between 
sauce drains of a field effect transistor including current which flows into a parasitic diode, While 
having a control means which drives said field effect transistor by supplying voltage to a gate of said 
field effect transistor according to output voltage which this current detecting means outputs, Said 
control means is considered as composition which differentiates voltage which said current detection 
means outputs, and is supplied to a gate of said electric field transistor. It may be made for said 
control means to be provided with a differentiation circuit and a constant voltage diode formed at 
least in one side between input terminals of this differentiation circuit, and between output terminals. 
[0013]In a switching power supply unit concerning this invention, While having a flyback type 
converter which has a transformer, a switching means connected to a primary side coil of this 
transformer, and a rectification means and a smoothing means which are connected to secondary 
winding of said transformer, let said rectification means be a synchronous detection device of 
composition of having mentioned above. 
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[0014]In a switching power supply unit concerning this invention, A transformer and a switching 
means connected to a primary side coil of this transformer, While having a forward type converter 
which has a rectification means and a commutation means which are connected to secondary winding 
of said transformer in series, and a coil and a smoothing means by which multiple connection is 
carried out to this commutation means, Let said commutation means at least be a synchronous 
detection device of composition of having mentioned above among said rectification means and said 
commutation means. 
[0015] 

[Embodiment of the Invention]The switching power supply unit concerning one embodiment of this 
invention is explained with reference to drawings. Drawing 1 shows the composition of the switching 
power supply unit using the flyback type converter in one embodiment of this invention. The same 
numerals are given to the same portion as the switching power supply unit using the conventional 
flyback type converter of drawing 5 , and explanation is omitted. 

[001 6]A synchronous detection device is explained first. The current transformer 8 with which a 
synchronous detection device detects the current of n channel form MOSFET10 which has the 
parasitic diode 10a which makes a forward direction the direction which goes to a drain from sauce, It 
has the MOSFET control circuit 9 which carries out on-off control of MOSFET10 according to the 
output voltage from the current transformer 8. 

[001 7]The sauce of MOSFET10 is connected to the cold side of 1 s of secondary windings of the 
transformer 1, and the drain of MOSFET10 is connected to the end of the input terminal of the 
current transformer 8. The other end of the input terminal of the current transformer 8 is connected 
to the negative electrode of the capacitor 5. 

[0018]The constant voltage diode 1 1 is connected between the output terminals of the current 
transformer 8. The cathode of the constant voltage diode 1 1 is connected to the end of the capacitor 
13, and the anode of the constant voltage diode 1 1 is connected to the end of the resistance 12, and 
the drain of MOSFET10. The other end of the capacitor 13 is connected to the other end of the 
resistance 12, and the gate of MOSFET10. 

[0019]Thereby, the MOSFET control circuit 9 can differentiate the output voltage from the current 
transformer 8, and can output it to the gate of MOSFET10. 

[0020]Next, operation of such a switching power supply unit is explained with reference to drawing 2 
in which the current and the voltage waveform of each part of a switching power supply unit were 
shown. 

[0021]If the switching transistor 2 receives the voltage signal of a High level from the control circuit 7 
and is turned on, voltage V Q2 between sauce drains of the switching transistor 2 will serve as zero, 

and current I Q2 will flow through it into the primary winding 1p of the transformer 1 from DC power 

supply 3. Current I Q2 serves as a waveform which increases gradually for the inductance of the 

primary winding 1p of the transformer 1. Voltage V T1 of the primary winding 1p of the transformer 1 

serves as output voltage of DC power supply 3, and equal positive voltage (a hot side is negative 
potential and the cold side is positive potential). And since the induced voltage produced in 1 s of 
secondary windings of the transformer 1 serves as reverse polarity to the parasitic diode 10a of 
MOSFET10, current I R which MOSFET10 will be in an OFF state and flows through MOSFET10 is 

zero. Therefore, output voltage V IR of the current transformer 8 and driver voltage V QS impressed 

between the gate sauce of MOSFET10 also serve as zero, and, as for MOSFET10 in a period of an 
ON state, the switching transistor 2 maintains an OFF state. 

[0022] If the switching transistor 2 receives the voltage signal of a Low level from the control circuit 7 
and is turned off, voltage V Q2 will go up and current I Q2 will serve as zero. The induced voltage 

produced in 1 s of secondary windings of the transformer 1, Become the polarity of the forward 
direction of the parasitic diode 10a of MOSFET10, and current flows via this parasitic diode 10a, The 
output voltage of the current transformer 8 differentiates by the resistance 12 and the capacitor 13, 
and is impressed between the gate sauce of MOSFET10 as driver voltage V QS . Thereby, MOSFET10 

will be in an ON state. 

[0023]Therefore, with the induced voltage produced in 1 s of secondary windings of the transformer 1, 
current I R flows via MOSFET10 with small on resistance, and the output voltage of the current 
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transformer 8 is also continued and generated. For this reason, since driver voltage V QS is impressed 

between the gate sauce of MOSFET10 by the resistance 12 and the capacitor 13 and it continues, 
MOSFET10 maintains an ON state. 

[0024]Then, if current I R decreases with reduction of the stored energy of the primary winding 1p of 

the transformer 1 , the output voltage of the current transformer 8 will also decrease. If the output 
voltage of the current transformer 8 decreases and driver voltage V QS becomes below threshold 

voltage V th of MOSFET10, MOSFET10 will be in an OFF state. MOSFET10 can be made into an OFF 

state just before the switching transistor 2 will be in an ON state by setting the resistance of the 
resistance 12, and the capacity of the capacitor 13 as a suitable value. 

[0025] If the load 6 becomes large, the peak value of current I R will become large, but since the 

constant voltage diode 1 1 has restricted the peak value of the output voltage of the current 
transformer 8, even if the load 6 becomes large, rectifying operation is continued certainly. On the 
contrary, since current I R will become the discontinuous mode and the peak value of current I R will 

become small if the load 6 becomes small, the period whose MOSFET10 is an ON state becomes 
short to the period when current I R is flowing, however, reduction of a rectification loss is desired — 

the state of the load 6 — on the way — when it is not load but rated load, come out and it is, and 
since the transformer 1 is designed become current continuous mode when the state of the load 6 is 
rated load, it is satisfactory. 

[0026]Next, a second embodiment of this invention is described. Drawing 3 shows the composition of 
the switching power supply unit which used the forward type converter. The same **** is given to 
the switching power supply unit and identical parts of a first embodiment of drawing 1 , and explanation 
is omitted. Since the composition of a primary side is the same as that of drawing 1 , it omits 
explanation, and it explains downstream composition. 

[0027]The anode of the diode 14 is connected to the hot secondary-winding 1's of transformer 1' 
side. The cathode of the diode 14 is connected without the end of the coil 15, and the sauce of 
MOSFET10. The other end of the coil 15 is connected to the anode of the capacitor 5, and one end 
of the load 6. The negative electrode of the capacitor 5 and the other end of the load 6 are 
connected also to the drain of MOSFET10 via the current transformer 8 while being connected to the 
cold side of secondary-winding 1's. The input side of the control circuit 7 is connected at the node of 
the anode of the capacitor 5, and the end of the load 6. 

[0028]The constant voltage diode 1 1 is connected between the output terminals of the current 
transformer 8. The cathode of the constant voltage diode 1 1 is connected to the end of the capacitor 
13, and the anode of the constant voltage diode 1 1 is connected to the end of the resistance 12, and 
the drain of MOSFET10. The other end of the capacitor 13 is connected to the other end of the 
resistance 12, and the gate of MOSFET10. Thereby, the MOSFET control circuit 9 can differentiate 
the output voltage from the current transformer 8, and can output it to the gate of MOSFET10. 
[0029]Next, operation of such a switching power supply unit is explained with reference to drawing 4 
in which the current and the voltage waveform of each part of a switching power supply unit were 
shown. 

[0030]If the switching transistor 2 receives the voltage signal of a High level from the control circuit 7 
and is turned on, voltage V Q2 between sauce drains of the switching transistor 2 will serve as zero, 

and current I Q2 will flow through it into primary winding 1 'p of transformer 1 ' from DC power supply 3. 

Voltage V T1 of primary winding 1'p of transformer 1' serves as voltage of DC power supply 3, and 

equal positive voltage (a hot side is positive potential and the cold side is negative potential). And 
since induced voltage V T1 produced in secondary-winding 1's of transformer 1' serves as voltage of a 

forward direction to the diode 14, current I 14 flows into the diode 14 and voltage V T1 is supplied to 

the capacitor 5 and the load 6 via the diode 14. Since the voltage of an opposite direction will be 
impressed to the parasitic diode 10a of MOSFET10 at this time, current I R of the parasitic diode 10a 

serves as zero. Therefore, output voltage V IR of the current transformer 8 and driver voltage V QS 

impressed between the gate sauce of MOSFET10 also serve as zero, and, as for MOSFET10 in a 
period of an ON state, the switching transistor 2 maintains an OFF state. 

[0031]If the switching transistor 2 receives the voltage signal of a Low level from the control circuit 7 
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and is turned off, voltage V Q2 will go up and current I Q2 will serve as zero. Since induced voltage V T1 

produced in secondary-winding 1's of transformer 1' serves as voltage of an opposite direction to the 
diode 14, current I 14 becomes zero. And voltage is supplied to MOSFET10 via the smoothing choke 5 

and the load 6 by the energy which the coil 15 accumulated when the switching transistor 2 was a 
period of an ON state from the coil 15. To the parasitic diode 10a, since this voltage is the voltage of 
a forward direction, Current I R flows via the parasitic diode 10a, and the output voltage of the current 

transformer 8 differentiates by the resistance 12 and the capacitor 13, and is impressed between the 
gate sauce of MOSFET10 as driver voltage V QS . Thereby, MOSFET10 will be in an ON state. 

[0032]Therefore, with the induced voltage produced in 1 s of secondary windings of the transformer 1, 
current I R flows via MOSFET10 with small on resistance, and the output voltage of the current 

transformer 8 is also continued and generated. For this reason, since driver voltage V QS is impressed 

between the gate sauce of MOSFET10 by the resistance 12 and the capacitor 13 and it continues, 
MOSFET10 maintains an ON state. 

[0033]Then, if current I R decreases with reduction of the stored energy of the coil 15, the output 

voltage of the current transformer 8 will also decrease. If the output voltage of the current 
transformer 8 decreases and driver voltage V QS becomes below threshold voltage V th of MOSFET10, 

MOSFET10 will be in an OFF state. MOSFET10 can be made into an OFF state just before the 
switching transistor 2 will be in an ON state by setting the resistance of the resistance 12, and the 
capacity of the capacitor 13 as a suitable value. 

[0034]If the load 6 becomes large, the peak value of current I R will become large, but since the 

constant voltage diode 1 1 has restricted the peak value of the output voltage of the current 
transformer 8, even if the load 6 becomes large, rectifying operation is continued certainly. On the 
contrary, since current I R will become the discontinuous mode and the peak value of current I R will 

become small if the load 6 becomes small, the period whose MOSFET10 is an ON state becomes 
short to the period when current I R is flowing, however, reduction of a rectification loss is desired — 

the state of the load 6 — on the way — when it is not load but rated load, come out and it is, and 
since the transformer 1 is designed become current continuous mode when the state of the load 6 is 
rated load, it is satisfactory. 

[0035]In this embodiment, although the diode 14 was used as a rectification means, this invention is 
not limited to this and may use MOSFET provided with the synchronous detection device as a 
rectification means. Although the thing of the n channel form was used for MOSEFT in the first and a 
second embodiment, this invention is not limited to this and can also use p channel form MOSEFT. In 
this case, it is good to set up the connection polarity of the constant voltage diode 1 1 according to 
electric conduction form. 
[0036] 

[Effect of the Invention]Since according to this invention the control means which drives a field effect 
transistor differentiates the voltage which a current detection means to detect the current which 
flows through a field effect transistor outputs and supplies it to the gate of said field effect transistor, 
By setting up the circuit constant of a control means appropriately, when used by current continuous 
mode, voltage which is not concerned with the size of a current value which flows into said field 
effect transistor, but is supplied to said gate can be carried out more than the threshold voltage of 
said field effect transistor. While making a field effect transistor by this detect synchronously by easy 
composition, when used by current continuous mode, conduction time of a field effect transistor can 
always be lengthened. 

[0037]According to this invention, since said control means is provided with the differentiation circuit 
and the constant voltage diode formed at least in one side between the input terminals of this 
differentiation circuit, and between output terminals, it can restrict the peak value of the output 
voltage of a current detecting means with a constant voltage diode. Also when the current which 
flows into a field effect transistor becomes large by this, the rectifying operation of said field effect 
transistor can be continued certainly. 

[0038]Since the field effect transistor which equipped the rectification means with the synchronous 
detection device is used according to this invention, the rectification loss of a rectification means can 
be decreased. Thereby, the efficiency of a switching power supply unit is improvable. The control 
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means which drives said field effect transistor provided in said synchronous detection device, Since 
the voltage which a current detection means to detect the current which flows through a field effect 
transistor outputs is differentiated and the gate of said field effect transistor is supplied, at the time 
of current continuous mode, conduction time of a field effect transistor can always be lengthened. 
[0039]Since the field effect transistor which equipped the commutation means with the synchronous 
detection device at least among the commutation means and the rectification means is used 
according to this invention, a rectification loss can be decreased. Thereby, the efficiency of a 
switching power supply unit is improvable. The control means which drives said field effect transistor 
provided in said synchronous detection device, Since the voltage which a current detection means to 
detect the current which flows through a field effect transistor outputs is differentiated and the gate 
of said field effect transistor is supplied, at the time of current continuous mode, conduction time of a 
field effect transistor can always be lengthened. 



[Translation done.] 
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[0 0 0 6] X>ry^>^h^>^X*2ft%J»@Bf7 
6^ L o w W;l/0)tEf ^^§tfKoT*7«l^ft 

f IS I Q2 ^W±t h7>X 1 

(D^7(DmM^ik&±%*), h^yx l p 
(Dii±v T1 Mii± (*yhfll^iE*& 3-;i/KflI^ 
tifi) ^^^o mv Q2 ^ht7>xi^-^#lIi P 

r^M^, h^yx l ^-^#1^1 p^sa^nr^ 
tBaotw^ k 4 fcaiiB^iRifi[)«£E^ffliii*n 

[0007] ffl»iiiK7a, ft#6fc«js&?nstn^« 
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[0008] £©<fc?ftx^>y^y^*MeB"£fiiff8& 
Wb^EIS -ISfc F 4 tJlttriWtEEBT 
^^•>a y h+-^U7^*-F^\ SMS 

*offi«*HSfc»t, 7V^-- F 4 ©ftto t)\c*y& 

St©/Jv£^M0 S F E T)WBV>&ftS. 
[0 0 0 9] 

C«W*W«LJ:5 t"i*«IMD MO S F E 

Ttf3Iifc#©£ LTfM-f Sft&fc&MO S FETa 

mWlC T M 0 S F E T £ #4 *- F 4 £ ft§ L T W> 
IfltW&s X^ Vf-yf F yi?X$ 2 Jfcjj^tffcfc L 
ftfctfcMOSFET^t^tU X^7A77'F 
7^>*X^25:4-yftitL/ci?lc:MOS F E T^tf 
7«ffit-T5^S*^So -fftt>^ MOS F E Tfcfl 

©^y • *yfflwtm.<D*> ■ *yfflw?tft : y>&mtf& 
[ooio] c©«fc5fciaji££JB8tr3#&av 

¥9- 1 7 2 7 7 5^igtPI/T?tlT^5„ LfrU 
^ffiSMSH^fl^SMO S F E T©^ 

- f tw&swgffiEcssbwna, aw**** 
< ft -a fc £ ^z^fljt^ite&WiTv^ttttTf-^fllo 

*£MOS F E T©«jlBfP E 5^®<ft^TL$'5i:V^ 
[ooi i] #fgHjm, ±!B©Mt», IWftfS 

f -5- y yx 5 ©skids tft < -r s <: ttfr*%z> m 
mmmmm^mmt^ct^sffjt-t^o £©£ 

9 ft^MMSB^m*: x^ «y ^y?«8iS«&jI# 

[0 0 12] 

^y s;x* © v-x- f w yffflfcSitnswft&SF^ 



^s^tfc, tfflBW»#§H^ tMB«*fE&ftj#gt 
tfj s «j±^®7j- l Ttu f 2 f 9 y yx 7 © y- 

[0 0 13] #^£^3X^7 7^^*1^ 

fcfc^THu F7yxiy Rh^^x©— 3JtflI«lifc» 
in? ns X^ >y f - y 7^® iy fufB F 7yX©=M!i 

l£«±MLfc«j£©^MIM«Bi:^3o 

[0014] 3^ ^mnwmy^-y^yymmm 

tfc^ta, F7yxiy §SF7yx©-MIJ#Sik:?g 
^tisx^^y^it, tufBF^yx©7^«# 

r^afecfc^tufBKM^a©^^, ^ft< iifetufBKM 

±3 L fc*j^© OTSMSH i: ^ S o 
[0 0 15] 

=^y ymmmmi^^rmm^mMLr mmt^> 0 mi 
a , %mm<D -mrnmi^ feiW77^^77iny/ i : 
-y%m"rcx^v?-y7nwMW<DMi%?t^Lfct><D 

[0016] s-fra«ffijf^6«fc-3(,^Tfiwr5o 

fc-TS^^*— K 1 0a*tt5nft«M0 
S F E T 1 0©«^^ffi-rS7jyy F F77X8 i:, 
77 yy F F^yX8*^©fti7jM£EtfSCTMO S F E 
T 1 Olt*y ■ *yfflmtZ>MO S F E T$iJfP[UFS9 

[0 0 17] MO S F E T 1 0©V— Xtt F77X 1 © 
-^#^1 s©n-;FFflJfcfgiE5tlT*5D, MOSF 
E T 1 0OFW>!tt^ F F7yX8©A77S?© 

-StcSM^tiT^So 7jyyFF^yx8©A 

•So 

[0018] *yy f F7yx8©ffi7jS?PE§ta, 
«E^*-K1 l^SBttSnTV^So SlffWt- 
F 1 1 C*y-Bia>fyD- 1 3 ©-SfcfglnStu 
SlffWt- F 1 1 ©77- Ffifiia 1 2 ©-i^Stf 

mos f e t i o©FWyfdgSc2tra^o 

3 yfy* 1 3 ©fifiSti, JfiK 1 2 ©{MSRtfMO S F 
E T 1 0©y-F!c^ntV^o 
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[0 0 19] cltUdcfcD, MO S F E TfWS3J[H8&9&# 
Uyh h^>X8^?)CDffi*aj±*a^LTM0S F E 
T l ocDy-hfe:ffl**rsci:^-e*So 

[0 0 2 0]*, CflD<t5ftX>f y^y^«JgS«<D 

[0021] xjy^z/Phvyyx* 2tffflffl®9&7 

^High \s^<Dnmm*^m^T*yvm^ 

-^#ss i p icwffi i Q2 awiSo wsft i Q2 a h7>x 
l l p<D'fv#Z2yx<Dttibtc%mKmim 

«i^i:Mo b7>x i <d-^#IJu p^M 

7yX10)^i$Il stftCSfglBiMOS F E 
T 1 0<Dm^$^*-V 1 0 afc^LTiS58Hti:aS^ 
6, MO S F E T 1 0^^7ttll^^D, MO S F E T 

i o^ns«iSi R ^t^5o for, ^i/yhh 

■5>X8CDffl^«EV IR , MOS F E T 1 0<DV—Y- 

v-xm^mttzn%mmni±v GS ^mt%:t) ^ x^y 

f >^>7y^x^ 2»y«lW»MO s fet 

[0 0 2 2] XJy^yPh^yz/X* 2t>mfflM9&7 

5^ *±V Q2 &_t#U S/c, «SSl Q2 ^i:SSo 
S/ch^yx K7)r:^#|Si s^SU^igfBt M 

O S F E T 1 0 OS^V FlOa Ojlttfr|Frja)<itt 
d<3D^^*-K 1 0 a^LTMM^M 

y^l 3tioTi»StU I»fl±V GS ^LTMOS 

fet i ocDy-h-y-xwfcffiiii^nSo cnti 

MO S F E T 1 Ott^Vttffifc&So 

[0023] fet, h5yxi©r^iBisfc£i; 

SlEfliia^ tyg^M^^MOSFETl 0 

fc^LT*ffii R aWu ^u>hh7yx80)[±]M 

^1 3fcfc<fc?)MOS F ET 1 OCD^—h-y— XHfc 

^iK»mv GS ^mto^n^^^^^^Mo S F E T 1 

[0 0 2 4] h7>X 1 ##$iu po*a 

x^^^-^i^^ff^tfL i R A^M^^s ^ * uy 
hh?yx8<Diiitinj±&WP^%o tiuyhh^yx 

8<DB1in]EtfWPL, SK»«j±V GS ^MO S F E T 1 
OVWBMBV^JCFlc&Zt, MOSFET10W 

yffi&t&Zo SKi 2<Dffimtxy7 t yyri 3^§ 
BSrawuaffitK^s £ t tx^ ^ ^ > ^> 5 y^x 

^2ft^>ttffii:aS*tufcMOS F E T 1 0^7tt 
[0 0 2 5] ft#6ftV^<%££Mr7ftI R <9t: 0 



fc^ 6 fcVh£ < I RH^jaR^E- Kta 

ftT^SJHHKcftLTMO S F E T 1 Otf*ytf&T?$> 

[0 0 2 6] ^^*^^^ffim^d^^T«^ 
^ 0 H3^ 7*7-FSny^-^^/cX-f yf- 
y^tlgf^I^Lftfe^T^So Hl^ 
-^S80KB©x>r y ^^•^BfcH-ffiftfcai^- 
[0027] F7>xr ©rSSir s<7)*yhffl 
fc^>T*-K 1 4 077-F^fg^tiT^^o ^v* 
— K l 4£>#y— Kan>T;l/ 1 5 cd— mosfe 
t i ocoy-xt, tcg^nri/^So n^;M scoffi 

TVSo n y f 5 (DtMtf t# 6 

SSI' s<D3-;l/Fffllcg^?nsi:i:fetcAUy h h 

^yX8^/TLT, MO S F E T 1 0<DK Wyfcfcg 

[0028] ^uyhb7yX8(Dffitfffi?Plic: 
a, gffi^V^Fi ltfB^SftT^So Slff? 
-Ytf-Kl l<D*y-Ktt3>r>1?-l 3©— SSfcffiK 
2 ft, SieVt-Fl l<D7V-KafiKl 2 03- 
SWMOS F E T 1 OOF wyicgi^nt^So 
nyfy^l 3^iS^> SKl 2©ffiMB:tfM 
OSFET1 O^F^gi^tlTMo cin^j; 

MOS F E TW»0B9a*lx> h F^yX8*^ 
^ffiMEW^LTMOS F E T 1 0<D7—Y\cWl 

[0 0 2 9] ^fcC(D<t 9 ^X-r^y^y ^«MS«Ol6 

[0030] y^y^h^y^xz 2mm\*}$&7 
i^High l/^0)mff^^§»K^tty«S^ 

x^7f^>7y^2^y-x-FW 
yHiffv Q2 ai^d:f}, !MS3Wh7yxr 
&#^r p^mmi Q2 £Wi£o h^>x 

fu) ^^^o ^-lt, h7>xr 
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mBzt&zfrz, f 1 4 latmM 1 14 i^mnm 

tCffif&£ftS 0 <KD£%s MOSFETIO©**^ 
*-Fl 0 afcaaWlftOMEB^WftlSnSCfctftS 
©T\ §£^f#-Kl 0 a©®ftI R ttSSt%S 0 fi£ 
oT, AI/>bh7yX8tf)fflM)±V IR , MOSFE 
T 1 0©y-h-V-xrafcfflAH3ft5iBi&*EV GS & 

mt&t), X^v^y?h7y5>7s$ 2tf*yvm<Dm 

PWMO S F E T 1 0tt#7tW*f8fcM*S. 

[0031] ^vi-yyyvyVTsZzimMW&i 
St, *EEV Q2 &±#U , WltlQ2tt*i:*S. $ 

h?yxi' ©r##iir sic^csnewiv 

T1 {t ^*-Fl 4 &cftLTjg73ft<D*E£&S;fr> 
6, 14 tt*ta:So ^LT, X-Y .v^y^E^y 

y X * 2 y «H6Qffl PeSco fct£3^;H 5tflib 

itft#6^LTMOS F E T 1 0fc*ffibMJ8&3ft 
So CCSSBSWt-Fl 0 atftLTJlM^ft© 
«J±T^S©T\ §£^>r#- F 1 0 a^Ltfg I 

R *>Wu *i/yhh7yx8 ©ffizjMffitffiK i 2 t 
nyf^l 3tioTS©2^ J§E»mEV GS t LT 

mos f e t i ooy-F-y-xH^EnM^tiSc c 

ftt^D, MOSFET10(it>«it*5 = 
[0 0 3 2] feT> h^yxic^tiisicsc 
SftgmEfcJ;*!, ^-ygJaJbVJ^^MOS F E T 1 0 

J±fe«^LT58^-rs o ffiKl 2t=iy-f'y 

•9" 1 3 tic £DMO S F E T 1 0 ©y— F -V— XfSfc 
ttffi»mV GS ^TOD?tlSiEltS©^MO S F E T 1 

[0033] *<o&, n>r;n 5 ©sax^^-oa 

<Mcff^*?5f£ I R^S^-f S t , tlUyh h7>X8<0 
ffiXJmfct^-rSo Al/y F h9>X80HJ*«JE^ 
S'>U IK»mv GS ^MO S F E T 1 OCUfMEEV 
th EXTtftSt, MOSFET10tt*7«ItS3„ 

gR 1 2 ©gfafi t =i y-f'y^ 1 3 (Dmmzmw&mc 

Rj&f sctW7fy^>7y> ; xx2W y ttl; 

t&SMufcMO S F E T 1 OWXtlttScttf 
T?£So 

[0 0 3 4] ft#6^^<aSt^I R «tf 
-^flttft*:* < %S*\ JlffWt- F 1 1 P> 
F F^>X8©ffiX7*JEE©lf-^ffl^M|5BLTV^S©T- 

m#6*^#<^oTfe5i»csw^»i^-rso m 

MM 6 fcVhS < hWfi I R tt^a^- FfcS 
<ft «^ I R €> If- ^ffifcVM *&fU R tf?ffi 
ftT^SffiHlcft LT, MO S F E T 1 otftyftiT- 



£ftTVS©-£\ p n m&t/\, 

[0 0 3 5] MS, #SSMmft S^StLT^V 

l^TMO S E F Tfcn7^*;W£©t>©;£fl!^ftjb\ * 

OSEFT»SLttt'«o 
fcJSUTjeWE^ #- F 1 1 ©g^Sft^fi^f S t 

[0 0 3 6] 

[%W©5ft*] i^MF^yy'x^ 
*JWKrr«fWf!l#att«l1iJ»* F 5 >S?X*%»ft3« 

tims&m f ? y^x^©y- f \mm%<DX\ mm 
t MtisMMffl©7v/ht nt) e -rtufsy- f immn n 

SHEE^tufBH^* F 7y^XX<Dlff)±«±k:t 
SCt^T?*S„ dftfccfeD, 1W%jft»cJ;DMo^g) 
i F 7 y i/*X x 5: 1 2 1 i; t , «&S8S^& 

- F^ffl^ftS t mc^m^-m^h'yy^X^KD 

mmmrsitmm < -r sc 

[0 0 3 7] 5: ft, ^WlCfcSt, MfBMS|J¥K«, 

«#0sst, Ma7>0ss©Ax7S?stmx7S?s©^ 

tt-^tg^ftssm^v^-Ft, 
t^s©t\ jg»E&?>r#- FT?HM^ffi¥a©ffix7ii 
j±©tf-^{i^MPS-rsci t*^^s„ cmtjct), * 
F 7 y s?x* fcjffifts WSf&b**;* < &o t * 

tuHSM^a* f 5 y^x^©s5ssa&f^^^nt^-rs 

[0038] $^c, ^mmc&zt, mm^mcmmm 
mmmzmz-tcmmm f ^ y^x^m^s©-?, se 

^S©SMS*WJ>?-&S C tjb^^So Utiles 

d s ?-y7"nmmm<D9mtt?km?> c t tfT*% 

So tufB^m^SBtSit^nStuHBM^II 

f 5 *JWBrr«fti»#s^ f 5 y y 
x ^ mwa s «K*tft»rr s WKtftsi^a^ ffl * -r s « 

ffi^a^LTtufBH^M F ^ yy'XoS©^- F MKft 
•T S ©T% MMBit^- FBf Ic^m^M F 5 y i/ 
X ^ ©«1B# H^ff fi < -r S d t jb^T? 1 5 o 
[0 0 3 9] *fgBj5fcj;St, K^gfe<fctfS 

gB©^*^*«-rsct^-e^s„ s^t, tufBPfffis 

StSBtciSij- ft s MHB«W?i)S F 9 y V x ? *JWBrT 
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i® i ] *%w<Dm-mtmm<Dxj 9% 

im 2 ] *»W©»-W«B©X^ >y f - y 

[H3] *»W©»-Sltfll0KBOX'f»yf->^* 

[05] 'im<Dx^^^y^m.mmm<Dmm^ 
tmx&Zo 



%7jkt®X&%o 

k r h7>x 
ip, r p 
is, r s 

4,14 *-f#-K 
5, 13 nyfy* 

8 ^pyFF^yx 

9 MOS F E TM90SS 

10 MO S F E T 
10a *£*>f#-K 
1 1 SHJI^V^-F 
1 2 fiK 

1 5 =1-^)1 



[Hi] 



[02] 




1 Q3 — <Sl 



Vti 



II U I : : I , 



'I -,J ill: 




0 v 



0 V 



-AW 



[H3] 
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[04] 



[05] 



" u nj 



I as — 



Vti 



0 A 



OA 



0 V 




0 A 




0 V 



0 V 



[H6] 



i ; 1 1 i u 



I as — ^3. 

Vti 



0 V 



OA 



0 V 



